ABSTRACT This study aims to evaluate the microbiological quality and efficacy of antimicrobials to inactivate unstressed or cold-stress adapted Salmonella and Enterococcus on broiler carcasses and wings processed at a small USDA-inspected slaughter facility in West Virginia. The first part of the study included 42 carcasses that were pre-and secondarily-enriched in bacterial media followed by streak-plating onto XLT-4 and HardyCHROM TM -agar Salmonella and confirmation using an API20E-kit. The aerobic plate counts (APC), Escherichia coli (ECC), total coliforms (TCC), and yeast/molds were analyzed on petri-films. The second part of the study included fresh broiler carcasses and wings that were inoculated with unstressed and coldstress-adapted (4
INTRODUCTION
Contaminated poultry meat represents the greatest public health impact among foods and is responsible for an estimated $2.4 billion in annual disease burden. Salmonella spp. are the most common foodborne pathogens associated with poultry meat and cause an estimated 9.4 million illnesses, 55,961 hospitalizations, and 1,351 deaths annually in the United States (Scallan et al., 2011) . Out of the illnesses attributed to poultry, Salmonella spp. is responsible for 35% of these illnesses (Batz et al., 2011 (USDA-FSIS, 2010) . With the implementation of more rigorous pathogen reduction standards by the USDA-FSIS, it is necessary for poultry processors to employ physical or chemical interventions to effectively control Salmonella throughout chicken processing.
Recently, there has been an increasing demand for locally grown products due to consumers' interest in sustainable agriculture and their expectation of improved flavor and nutrition of these types of products. According to West Virginia Department of Agriculture (WVDA), no small-scale poultry processing facilities exist in the state of West Virginia (WV). The lack of small-scale poultry slaughtering facilities limits WV small poultry producers to local/intrastate sales of no more than 1,000 birds per year. Small poultry producers who want to slaughter and locally sell poultry products must have them slaughtered and processed in an out-of-state USDA-inspected facility (IF), for example, in the state of Maryland (Peters et al., 2012) . This also raises concern that chicken products generated by small USDA-IF and sales at farmers' markets would increase food safety risks. Several studies (Scheinberg et al., 2013; Trimble et al., 2013) have evaluated the profile of foodborne pathogen presence in chicken meat and verified that the presence (28% to 45%) of Salmonella spp. on locally processed poultry meat.
Commercial antimicrobials, including lactic acid, peroxyacetic acid, sodium hypochlorite, and a lactic and citric acid blend, have been approved by USDA-FSIS to decontaminate foodborne pathogens during poultry processing (USDA-FSIS, 2017) . The current available data on industry scale poultry processing has reported the antimicrobial efficacy of various commercial antimicrobials to control Salmonella in poultry meat processing (Oyarzabal, 2005; Mckee, 2011 Mckee, , 2012 Russel, 2012) . Limited research has focused on the application of antimicrobial interventions on broilers produced by smallscale processors. Real poultry-processing facilities do not allow use of pathogens to validate the efficacy of antimicrobials due to the biosafety concerns. To successfully mimic the behavior of pathogenic Salmonella, the use of a nonpathogenic surrogate organism, Enterococcus faecium (Bianchini et al., 2014; Boney and Moritz, 2016) , is a helpful approach to verify that the antimicrobials are working effectively. According to the WV Department of Agriculture, chilled poultry meat must be frozen to be sold at local farmers' markets, and the potential Salmonella to reside on broiler carcasses is most likely cold-stress adapted. The behavior of cold-stressed Salmonella on poultry meat exposed to antimicrobials has not been studied yet.
Therefore, the objectives of this study were the following: 1) to evaluate the prevalence of Salmonella spp. and populations of aerobic plate counts (APC), total coliforms (TCC), generic Escherichia coli, and yeast and molds on raw broiler carcasses from a small USDA-IF in WV, and 2) to evaluate the antimicrobial efficacy of commercial antimicrobials against unstressed or cold-stress-adapted Salmonella and nonpathogenic surrogate Enterococcus faecium on raw broiler carcasses and wings.
MATERIALS AND METHODS

Microbial Quality and Safety Analysis of Broiler Carcasses
A total of 42 fresh frozen broiler carcasses was obtained from a WV USDA-IF small broiler producer. Broilers were processed at a USDA-FSIS-IF in Maryland, after which the products were transferred across the WV boarder. Products were sold at the Morgantown, WV Farmers' Market every Saturday. The whole carcasses were thawed at 4
• C for 48 to 72 h, rinsed in 400 mL of buffered peptone water (BPW, Hardy Diagnostics, MD) and vigorously shaken for 60 s in a sterile chicken-rinse bag (Nasco R , Fort Atkinson, WI) (Scheinberg et al., 2013) . The broiler rinsate was plated onto 3M APC, E. coli/TCC, and yeast/molds petrifilm (3M Microbiology Products, St. Paul, MN) and incubated for enumeration of total aerobic bacteria (25
• C for 72 h), E. coli (35
• C for 48 h), and fungi population (25
• C for 120 h). The remaining fresh broiler BPW rinsate (∼390 to 395 mL) was incubated at 35
• C for 24 h. One tenth mL of the pre-enriched solution was transferred into 10 mL of Rappaport Vassiliadis (RV, Hardy Diagnostics, MD). After incubation at 42
• C for 24 h, a loopful of enriched RV solution was streaked onto XLT-4 and HardyCHROM agar (Hardy Diagnostics, MD). Plates were incubated at 35
• C for 24 h. After incubation, 1 to 3 presumptive Salmonella colonies from XLT-4 and HardyCHROM TM agar were confirmed using an Oxoid Salmonella Latex Agglutination Test Kit (Oxoid Ltd, Basingstoke, Hampshire, UK) plus API 20E test kits (bioMérieux, Durham, NC). Salmonella Typhimurium ATCC 14,028 was used as a positive control for the biochemistry and immunology tests.
Bacteria Inoculum Preparation
Salmonella Typhimurium ATCC 14,028, Salmonella Tennessee ATCC 10,722, and Enterococcus faecium ATCC 8459 were used in cold-stress and antimicrobial testing. Each individual Salmonella and Enterococcus strain was maintained on XLT-4 (Hardy Diagnostics, MD) and bile esculin agar (Hardy Diagnostics, MD) at 4
• C, respectively. The preparation of unstressed and cold-stress-adapted bacterial cells followed a past study (Shen et al., 2011) . To prepare the unstressed cells, single colonies of each Salmonella and Enterococcus strain were individually inoculated into 10 mL tryptic soy broth (TSB; Hardy Diagnostics, MD) and incubated at 35
• C for 24 h. Subcultures were made by adding 0.1 mL of the 24 h bacterial suspension to 10 mL of TSB for an additional 24 h at 35
• C. To prepare the cold-stressed-adapted cells, the previous subculture was triplicate-washed in 10 mL of 0.1% buffered peptone water (BPW; Becton Dickinson and Company, Sparks, MD), resuspended in 10 mL of TSB and stored at 4
• C for 7 days. Before the experiment, the 2 Salmonella cultures were combined, harvested by centrifugation (VWR Symphony 4417, VWR International, Radnor, PA; 5,000 × g, 15 min) duplicate-washed with 0.1% BPW to remove the residual media, centrifuged, and resuspended in 0.1% BPW. The Enterococcus preparation followed the same procedure. The bacterial population of the final inoculum suspension was ∼8 log CFU/mL for Salmonella and Enterococcus.
Broiler Carcasses and Wings Collection and Inoculation
The whole broiler carcasses and skin-on wings were freshly collected from the same USDA-IF small broiler processor in WV. The operation produces approximately 800 pasture-raised cage-free broilers per year. The processing procedure includes killing, single-stage static scalding, evisceration on a stainless steel table, and washing in a citric-and lactic acid-based antimicrobial solution before chilling in a static container with iced water for 24 h. Skin-on wings were manually cut from the carcasses. The chilled carcasses and wings were frozen as required by WVDA and shipped to the West Virginia University food microbiology laboratory for use in the experiment within 24 to 72 h. Broiler carcasses and wings were overnight thawed at 5
• C in a cooler, randomly assigned to a treatment group and inoculated with unstressed or cold-stress-adapted Salmonella and Enterococcus as described by Scott et al. (2015a) . For carcasses and wings, the medial and lateral sides were spot inoculated with 5 drops of 200 μL of the bacterial mixture, followed by maintenance under a biohazard hood for 20 min to allow for attachment. The final target inoculation level of the organism on carcasses and wings ranged from ∼5.5 to 6.5 log CFU mL of carcass or wing rinsate.
Antimicrobial Treatment of Broiler Carcasses and Wings
The aforementioned inoculated broiler carcasses and wings were left untreated (control) or were treated in peroxyacetic acid (PAA, 0.1%, pH 3.0, 15.7
• C, Birko, CO), lactic acid (LA, 5%, pH 2.0, 15.3
• C, Birko, CO), lactic and citric acid blend (LCA, 2.5%, Chicxide, Birko, CO), and sodium hypochlorite (SH, free available chlorine, 67 to 69 ppm, pH 9.1, 14.4
• C, Birko, CO). The treatment was conducted by immersing 4 wings into a 3-L solution and 3 carcasses into a 10-L prepared antimicrobial solution with manual agitation (∼500 rpm) for 30 s without drainage for carcasses and with draining for 2 min for wings. The tested concentration of all antimicrobials, except chlorine, was the highest level allowed in the USDA-FSIS Directive 7120.7 (USDA-FSIS, 2017). The PAA, LA, and LCA concentration was calculated according to the supplier's fact sheet. The approved concentration of SH used during poultry processing is 50 ppm of free chlorine; however, it is unclear whether the 50 ppm is the initial free chlorine concentration or the residual concentration due to the quick reaction between chlorine and organic matter. Therefore, a slightly higher concentration of 67 to 69 ppm of free chlorine was used in this study. The residual free chlorine concentration ranged from 11.8 (carcasses) to 28.0 ppm (wings) after a 30 s treatment and was measured using the chlorine DPDmethod measurement (Shen et al., 2013) .
Microbiological Analysis
Broiler carcasses and wings were analyzed for the total aerobic plate counts, Salmonella and Enterococcus populations. The carcasses were rinsed in 400 mL of BPW supplemented with 0.1% sodium thiosulfate (Fisher Scientific, Springfield, NJ) and then vigorously shaken for 60 s in a sterile chicken-rinse bag. Each individual wing was placed in a sterile Whirl-Pak @ bag (Nasco, Fort Atkinson, WI) containing 150 mL of 0.1% BPW supplemented with 0.1% sodium thiosulfate and followed by vigorously shaking for 60 s to detach the cells from the wing surfaces. The rinse solution of carcasses and wings were plated on 4 different media. Tryptic soy agar was used for aerobic plate counts, XLT-4 and HardyCHROM TM agar for Salmonella and bile esculin agar for Enterococcus. The plates were incubated at 35
• C for 48 h before manually counting the colonies.
Data Analysis
Studies were repeated 2 times including 4 wings and 3 carcasses per treatment per repeat with a total of 8 samples of wings and 6 samples of carcasses per treatment. Each experiment was conducted with a completely randomized 5 × 2 factorial design with 5 treatments and 2 stress types (unstressed or cold-stress-adapted). The Mixed Model Procedure of SAS (version 9.2, SAS Institute, Cary, NC) was used to analyze the survival and reduction of Salmonella and Enterococcus, which includes individual factors of antimicrobial treatment, stress, and their interaction. To compare the reduction level between the Salmonella and Enterococcus response to various antimicrobials, the Mixed Model Procedure included individual factors of bacterial medium, treatment, stress, and all possible interactions.
The reduction data were determined by a reduction ratio of log 10 (N 0 /N), which includes N 0 , the average control plate counts, and N, the plate count of each individual antimicrobial treated sample (Adler et al., 2016) . The means were compared with an α = 0.05 significance level as determined by Tukey HSD.
RESULTS AND DISCUSSION
Microbial Quality of Broiler Carcasses
The population of APC, E.coli/TCC, and yeast/molds from 42 sampled broiler carcasses are quantified in Table 1 . These data were later used as hygiene indicators to evaluate the microbial quality of raw whole carcasses. The APC ranged from 2.1 to 3.4 log CFU/mL with an average of 2.6 log CFU/mL, and the population of TCC ranged from 0.5 to 2.3 log CFU/mL with the average number of 1.1 log CFU/mL (Table 1) . These results are similar to a previous study on whole chickens from a Pennsylvania farmers' market and a supermarket, which found that the APC and TCC population ranged from 2.6 to 4.2 and 0.8 to 1.5 log CFU/g, respectively (Scheinberg et al., 2013) . The total yeast/molds populations were from 1.6 to 4.0 log CFU/mL with an average population of 2.4 log CFU/mL, which has not been reported in previous studies. Yeast and molds may also be food safety hazards due to mycotoxin production as a source of carcinogenic and immunosuppressive effects. The level of generic E. coli is used to assess the potential fecal contamination on processed meat and poultry products according to the USDA-FSIS (Scheinberg et al., 2013) . In this study, approximately 30% (12/42 carcasses) of samples tested positive for E. coli with a range from 0.5 to 2.7 log CFU/mL, which is similar to previous studies of Scheinberg et al. (2013) and Northcutt et al. (2006) . Overall, although the levels of APC and TCC/ECC found on these small USDA-IF processed broiler carcasses are not higher than previous studies, small broiler processors still need to apply post-harvest interventions to further reduce the background microflora remaining on broiler surfaces.
Salmonella spp. Prevalence on Broiler Carcasses
A total of 42 fresh broiler carcass samples were evaluated for the presence of Salmonella spp. using the API 20E strips with a biochemical profile of 6,704,752 (Levy et al., 2014) . Results were further confirmed by a Salmonella latex agglutination test. Results for all Salmonealla positive samples matched in biochemical and agglutination tests. The percentage of Salmonella (29%) in this study is lower than a previous study on small USDA-IF processed broilers from the southeast U.S., which indicated that 43% were Salmonella positive with 8% positive samples from Cornish Cross and a 78% positive rate from Red Ranger (Trimble et al., 2013) . Results in this study were similar to a study in Pennsylvania with 28% Salmonella positive samples from the farmers' market and 20% positive observed in organic broilers from local super markets (Scheinberg et al., 2013) . The presence of Salmonella on small, locally processed broiler carcasses may be attributed to the variance of farm management, lack of regulatory guidance, the emphasis on minimal antimicrobial application, interests in organic processes, and a single static chilling tank. The results of this study provide an important preliminary baseline dataset of Salmonella present on small USDA-IF produced broilers in the WV region, which suggests the importance of developing and validating post-harvest control strategies, such as applying post-chilling antimicrobial dipping steps.
Efficacy of Antimicrobials to Inactivate Aerobic Plate Counts and Salmonella
The total aerobic plate counts were based on microbial populations recovered from TSA as shown in Table 2 . Initial aerobic plate counts on untreated unstressed or cold-stress-adapted Salmonella inoculated broiler carcasses and wings were 6.0 to 6.3 log CFU/mL. For carcasses, antimicrobial treatment had the main effect (P = 0.001) regardless of the stress type (P = 0.947), and there was an interaction (P = 0.009) between antimicrobial treatment and stress type. For wings, although the individual factors and their interaction were all statistically significant (P < 0.05), the difference of 0.2 to 0.3 log units in several comparisons are not considered microbiologically meaningful (Table 2, Scott et al., 2015b ). All of the tested antimicrobials reduced the aerobic plate counts by 0.7 to 2.3 log CFU/mL on carcasses and by 0.6 to 1.7 log CFU/mL on wings among unstressed or cold-stressed cell inoculated samples. The 0.1% PAA had the greatest (P < 0.05) reduction of aerobic plate counts on carcasses and wings, which ranged from 1.7 (unstressed) to 2.3 (cold-stressed) and from 1.4 (unstressed) to 1.7 (cold-stressed) log CFU/mL, respectively. LA, LCA and SH achieved similar reductions of aerobic plate counts ranging from 0.7 to 0.9 and 0.6 to 1.1 log CFU/mL across all carcasses and wings, respectively. The efficacy of various antimicrobials on Salmonella was based on the recovery counts obtained from XLT-4 and HardyCHROM TM agar, as shown in Tables 3  and 4 . The statistical analysis shows a significant antimicrobial treatment effect (P < 0.05) and stress type (P < 0.05) for Salmonella on carcasses and wings. Their interaction between antimicrobial treatments and stress type were significant (P < 0.05) on HardyCHROM TM agar, but not on XLT-4. Overall, cold-stress-adapted Salmonella cells were more sensitive (P < 0.05) to the antimicrobial treatments than the unstressed cells on both broiler carcasses and wings. The control carcasses indicated an initial concentration of 5.4 to 5.6 log CFU/mL of unstressed or cold-stressadapted Salmonella. Unstressed Salmonella counts obtained from the carcasses treated with PAA, LA, LCA, and SH for 30 s were reduced by 0.9 to 1.7 log CFU/mL and 0.6 to 1.5 log CFU/mL, respectively, based on the counts recovered on XLT-4 and HardyCHROM TM agar. The same antimicrobial treatments achieved a greater (P < 0.05) reduction of cold-stress-adapted Salmonella cells on carcasses by 1.3 to 2.1 log CFU/mL (XLT-4) and 1.1 to 1.8 log CFU/mL (HardyCHROM TM ). Similarly, antimicrobial dipping treatments were more effective (P < 0.05) in reducing cold-stressed Salmonella cells than unstressed cells on wings with reductions of 0.9 to 1.7 (cold-stressed) compared to 0.5 to 1.3 log CFU/mL (unstressed). Cold-stressed pathogen cells were more susceptible to interventions, as found in previous studies (Semanchek and Golden, 1998; Shen et al., 2011) . Those results revealed increasing amount of unsaturated fatty acids across the cell member and reductions of their melting point after cold stress. The results suggest that the chilling process might increase the efficacy of post-chilling antimicrobial dipping treatment to reduce Salmonella on poultry meat.
Among the 4 tested antimicrobial treatments, PAA was the most effective (P < 0.05) to reduce Salmonella from carcasses (Table 3) and wings (Table 4) . The other treatments, LA, LCA, and SH, showed reductions, similar to each other but less efficacious than PAA. Compared to the untreated control samples, PAA reduced the unstressed pathogen cells by 1.5 (HardyCHROM TM ) to 1.7 (XLT-4) log CFU/mL and by 1.2 (HardyCHROM TM ) to 1.3 (XLT-4) log CFU/mL on carcasses (Table 3) and wings (Table 4) , respectively. Regarding the cold-stressed cells, the reduction level of PAA was increased to 1.8 (HardyCHROM TM ) to 2.1 (XLT-4) log CFU/mL on carcasses (Table 3 ) and 1.5 (HardyCHROM TM ) to 1.7 (XLT-4) log CFU/mL on wings (Table 4) . PAA, which is a combination of peracetic acid and hydrogen peroxide, is approved by the USDA-FSIS for application on poultry carcasses during post-chill dipping and with the concentration no more than 2,000 ppm (0.2%, McKee, 2011). Nagel et al. (2013) reported that 0.1% PAA reduced nalidixic acid resistant-Salmonella by 2.03 log CFU/mL on broiler carcasses in a pilot plant post chilling tank with a 20-s dwelling time. The latter study from the same research group found that 0.1% PAA achieved a 1.5 log reduction of Salmonella on post-chilled ground chicken (Chen et al., 2014) . Scott et al. (2015a) reported that 0.07% (700 ppm) PAA reduced the Salmonella population by 1.5 log on chicken wings after 20 s of immersion. All Table 5 . Unstressed or cold-stress adapted Enterococcus faecium (CFU/mL) recovered from inoculated broiler carcasses and wings. of the aforementioned studies also indicated that PAA (0.04 to 0.1%) used during the post chilling dip process is the most effective antimicrobial to decontaminate Salmonella on poultry products when compared to the other commercial antimicrobials including chlorine, cetylpyridinium chloride, lysozyme, and sulfuric acid and sodium sulfate. Small poultry producers in the WV and Pennsylvania area are very interested in the application of PAA instead of chlorine to decontaminate foodborne pathogens during poultry processing.
In the present study, the treatment of broiler carcasses and wings with LA (5%) reduced the unstressed Salmonella cells by 1.1 (HardyCHROM TM ) to 1.3 (XLT-4) log CFU/mLand 0.8 (HardyCHROM TM ) to 1.1 (XLT-4) log CFU/mL, respectively (Tables 3 and 4 ). Higher (P < 0.05) reductions of 1.7 log CFU/mL (HardyCHROM TM and XLT-4) and 1.4 (HardyCHROM TM ) to 1.7 (XLT-4) log CFU/mL were observed on cold-stress-adapted cells that were inoculated on carcasses and wings compared to the unstressed cells. LA is currently used to reduce the incidence of Salmonella on retail poultry and meat products since the USDA-FSIS issued a pathogen reduction standard for Salmonella in 1994 with the allowed concentration ≤5% for pre-and post-chilling of animal carcasses (Laury et al., 2009 ). Early studies of Izat et al. (1990) found that adding 1% LA into the chill water and scalding water reduced Salmonella Typhimurium to below the detection limit. Yang et al. (1998) sprayed 2% LA on chicken carcasses, achieving a 2-log reduction of Salmonella per carcass. Killinger et al. (2010) also evaluated the efficacy of 2% LA rinse on chicken wings, which resulted in a more than 5-log reduction of inoculated Salmonella. An approximately 1-to 2-log reduction of Salmonella was observed in this study, which met expectation since there was only a 30 s dip time compared to the 3 min used in Killinger et al. (2010) . Future studies are needed to evaluate the effect of 5% LA on poultry product quality and sensory attributes.
In the present study, for unstressed Salmonella cells, LCA and SH treatment resulted in a similar (P > 0.05) reduction of 0.6 to 0.7 (HardyCHROM TM ) to 0.9 to 1.1 (XLT-4) log CFU/mL on carcasses and a reduction of 0.5 (HardyCHROM TM ) to 0.8 to 1.0 (XLT-4) log CFU/mL on wings compared to the controls (Tables 3 and 4) . When treated for cold-stressed cells, an additional reduction (P < 0.05) of 0.3 to 0.8 log CFU/mL on carcasses and wings was achieved among the recovery counts from XLT-4 and HardyCHROM TM agar (Tables 3 and 4) . In recent years, the major use of chlorine has declined in the poultry post-chilling processes, because that component is easily degraded by organic matter , requires a high concentration plus has a long contact time, generates gas and byproducts trichlormaines, and hinders export to Russia (Chen et al., 2014) . Local small poultry producers are also losing interest in chlorine use due to their preference for natural and organic processes. LCA (Chicxide) is a newly created buffered blend of lactic acid and citric acid and is approved for use in poultry meat with the maximum allowed concentration of 2.5% according to the USDA-FSIS (USDA-FSIS, 2017). A previous study of Laury et al. (2009) reported that spraying LCA on broiler carcasses for 20 s reduced Salmonella by 1.3 log CFU/mL, and a similar dipping treatment resulted in a 2.3 log reduction of Salmonella. The results of this study indicated a similar Salmonella reduction effect of LCA when compared to chlorine, which suggests that this lactic-and citric-acid-based antimicrobial agent could be used in the post-chilling process for small-scale poultry processors.
Efficacy of Antimicrobials to Inactivate Enterococcus faecium
The behavior of unstressed and cold-stress-adapted E. faecium to various antimicrobial treatments is shown in Table 5 . In general, dipping broilers into 4 antimicrobials reduced the unstressed E. faecium population by 0.2 to 1.7 log CFU/mL on carcasses and 1.0 to 2.0 log CFU/mL on wings compared to the untreated control samples. The cold-stressed cells on carcasses were more (P < 0.05) vulnerable to antimicrobials than unstressed ones with reductions increased to 1.0 to 2.0 log CFU/mL. Lactic acid was the lone treatment that showed a difference of an additional 0.3 log CFU/mL reduction of cold-stressed cells compared with unstressed cells on wings. The same finding was observed for Salmonella, and the reduction of unstressed or cold-stress-adapted Enterococcus cells on carcasses Table 6 . A comparison of the reduction of unstressed or cold-stress adapted Salmonella and Enterococcus faecium (CFU/mL) recovered from inoculated broiler carcasses. and wings increased in the order SH ≤ LCA < LA < PAA. For example, compared to the control samples, PAA resulted in reduction levels ranging from 1.7 to 2.0 log CFU/mL on carcasses and wings among unstressed or cold-stressed cells (Table 5 ). E. faecium has been recognized and evaluated as a safer alternative for Salmonella for thermal lethality validation studies in almonds (Jeong et al., 2011) and in a balanced carbohydrate protein meal (Bianchini et al., 2014) . However, this Salmonella surrogate has not been evaluated on poultry meat and the current publication lacks information regarding the ideal surrogate for Salmonella during poultry processing. To draw valid conclusions about suitability using surrogate microorganisms, the surrogate needs to be validated as being able to survive the process at least as well or better than the target pathogen (Adler et al., 2016) . In this study, the reductions of unstressed or cold-stress-adapted Salmonella and E. faecium on broiler carcasses and wings caused by various antimicrobials were present in Tables 6 and 7 . Because the TSA support medium permits the growth of other microorganisms under the study conditions, the counts from TSA were not used for the comparison.
The application of PAA, LA, LCA, and SH to carcasses reduced unstressed and cold-stressed E. faecium but levels were not different nor less than those for Salmonella. Specifically, PAA generated a reduction of 1.7 and 2.0 log CFU/g for unstressed and cold-stressed E. faecium, respectively, which is similar (P > 0.05) to the reduction levels of Salmonella recovered from XLT-4 and HardyCHROM TM agar (Table 6 ). Application of LA, LCA and SH indicated similar (P > 0.05) or lower (P < 0.05) reductions, which ranged from 0.2 to 0.5 log CFU/mL (unstressed cells) and 1.0 to 1.4 log CFU/mL (cold-stressed cells) for E. faecium compared to unstressed (0.6 to 1.3 log CFU/mL from XLT-4 and HardyCHROM TM agar) and cold-stressed Salmonella (1.2 to 1.7 log CFU/mL from XLT-4 and HardyCHROM TM agar) (Table 6 ). For wings, the reductions for unstressed E. faecium treated by the antimicrobials were greater (P < 0.05) than the Salmonella results of HardyCHROM TM agar but they were similar (P > 0.05) to the counts from XLT-4 agar in lactic acid or lactic/citric acid blend treated samples (Table 7) . In general, the cold-stressed E. faecium on wings behaved similarly (P > 0.05) to the cold-stressed Salmonella after exposure to the antimicrobials with a reduction of 1.0 to 1.9 log CFU/mL from bile esculin agar (E. faecium) compared to the reductions of 1.1 to 1.7 log CFU/mL and 0.9 to 1.5 log CFU/mL from XLT-4 and HardyCHROM TM agar (Salmonella), respectively (Table 7). Therefore, the E. faecium strain used in this study could serve as a surrogate of Salmonella for validating antimicrobial interventions on broilers in smallscale poultry processing settings. Further studies are still needed to confirm E. faecium use, especially on chicken parts.
In conclusion, the results of the present study confirmed that applying post-chilling antimicrobial dipping treatments, especially PAA, could be an intervention approach to control Salmonella on locally processed broilers. In addition, cold-stress-adapted Salmonella cells are more susceptible to several antimicrobials used in this study than the unstressed cells, and E. faecium could be a potential nonpathogenic surrogate of Salmonella for in-plant validation studies for local and small poultry growers. These results will contribute to the development of the new USDA-FSIS 5-year strategic plan for Salmonella control in poultry meat products (USDA-FSIS, 2013) . The data will assist state and local regulatory agencies to assess the potential risk of Salmonella in locally grown poultry meat.
